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Grant E. Moulton 
Jeff P. Hamilton-Gahart 

5 

Background of the Invention 

Field of the Invention 

This invention generally relates to optical signal processing cards in add/drop 
10 multiplexers. More specifically, this invention relates to a high-speed optical signal 
processing card that incorporates electrical and optical components on a single card in 
an add/drop multiplexer. 


Description of the Related Art 

Optical networks are increasing in importance, and high speed digital signals 
15 are commonly transmitted using Synchronous Optical Network (SONET) and 

Synchronous Digital Hierarchy (SDH) standards at speeds ranging from 51.84 Mb/s 
(OC-1) to 9.95 Gb/s (OC-192). A wide range of equipment incorporates 
SONET/SDH transmission functionality, including add/drop multiplexers (ADMs) 
which allows digital transmission signals to be removed or inserted from 
20 incoming/outgoing optical streams. 


Because space is limited in telecommimications equipment, it is essential to be 
able to provide the maximum amoimt of functionality in the minimum volume. As an 
example, optical cards in add/drop multiplexers must operate at very high speeds and 
must contain powerful optical components, but should not occupy multiple slots 
25 within the add/drop multiplexer. This can be particularly challenging at OC-192 
operating speeds, where 10 gigabits per second signals must be routed around the 
card, and where high power optical components must be utihzed. Li addition, 
crosstalk and thermal issues must be addressed. 
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Summary of the Invention 

The present invention provides for a novel board which can support high 
speed optical transmission on a single card, and which does not require an optical 
amplifier to achieve OC-192 data rates through single node hnks up to 80 kilometers. 
5 This is accomplished through the use of a distributed feedback laser in conjunction 
with an external modulator. Separate transmit and receive sections are used on the 
board to reduce crosstalk. High speed electrical multiplexers and demultiplexers are 
used in conjunction with the optical components to achieve the high transmission 
rates on a single card. 

10 Because of the density of optical and electrical components required to 

achieve high speed transmission, heat dissipation is a significant problem. A heatsink 
is utihzed which covers more than 60% of the board and which makes contact with 
the optical and electrical components. For those components which do not have 
sufficient height to make contact with the heatsink, padding elements are utilized. For 

15 those components which exceed the clearance of the heatsink, cores are milled into 
the heatsink. This allows for use of a heatsink which has uniform clearance firom the 
board but which allows for contact with a diversity of components through the use of 
padding and cores. 

The foregoing has outlined rather broadly the objects, features, and technical 
20 advantages of the present invention so that the detailed description of the invention 
that follows may be better understood. 

Brief Description of tlie Drawings 

FIG. 1 illustrates a 3-D assembly side view of one embodiment of the 
invention; 

25 FIG. 2 illustrates a 3-D isometric view of one embodiment of the invention 

with the heatsink shown in an exploded view; 

FIG. 3 illustrates the board layout with the fiber track; 


644920 vl 


2 


Attorney Docket No.: 
M-8415US 

FIG. 4 illustrates a bottom view of the heatsink. 

The present invention may be better understood, and its numerous objects, 
features, and advantages made apparent to those skilled in the art by referencing the 
accompanying drawings. The use of the same reference symbols in different 
drawings indicates similar or identical items. 

Detailed Description 

Fig. 1 is a 3 -dimensional assembly side view of one embodiment of the 
invention in which printed circuit board (PCB) 100 coupled with heatsink 110 having 
a plurahty of coohng fins 112 is connected to the backplane of an add/drop 
multiplexer through backplane connector 120. Heatsink 1 10 is used to remove heat 
from both the electrical and optical components, which is dissipated through cooling 
fms 112. Semi-rigid coaxial cable 1 14 is utilized to connect high speed components 
such as modulator/driver 130 with other electrical and optical components. 

Front plate 140 covers the front of PCB 100 and includes mechanisms 142, 
144 for inserting and removing PCB 100 in a rack of equipment which forms an 
add/drop multiplexer. Front plate 140 may also include indicators, such as LEDs 146, 
which indicate the operating status of PCB 100. Front plate 140 may also include 
openings for access to receive (RX) port 148 and transmit (TX) port 150. 

SONET is a data transmission mechanism known in the art that is defined by a 
set of electrical as well as optical standards. The basic building block in SONET is 
the synchronous transport signal level- 1 (STS-1), which transports packets of data as 
a 51.840 Megabit per second serial transmission using an optical carrier level-1 (OC- 
1) optical signal. The grouping of a specified set of bytes in the STS-1 is called a 
frame. An STS-1 frame consists of 810 bytes (6480 bits). Optical carrier level-A^ 
(OC-N) and synchronous transport signal level-JV (STS-A/) correspond to the optical 
and electrical transmissions respectively, of the same data rate. Higher data rates are 
fransported in SONET by synchronously multiplexing N lower level modules 
together. For example, OC-3 corresponds to a line rate of 155.52 (3 times 51.840) 
Megabytes per second, and OC-192 corresponds to 9953.28 (192 times 51.840) 
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Megabytes per second. The electrical and optical components on PCB 100 are 
capable of communicating data at the OC-192 rate. 

Fig. 2 illustrates a 3-dimensional isometric view of one embodiment of the 
invention with heatsink 1 10 shown in exploded view. Fig. 2 shows a plurality of 
5 electrical and optical components which enable transmission and reception of data at 
the OC-192 rate. Modulator/driver 130 is connected via semi-rigid coaxial cable 114 
to external modulator 262. hi one embodiment, modulator/driver 130 provides 
amplification of digital signals received from electrical components on PCB 100 and 
produces an 7 volt peak to peak signal which is received, via semi-rigid coaxial cable 

10 114, by external modulator 262. Li one embodiment, external modulator 262 is a 
commercially available titanium-diffused lithium niobate modulator. Distributed 
feedback (DFB) laser 250 is used in conjunction with external modulator 262 that 
incorporate gratings to compensate for the dispersion of the optical signals. In one 
embodiment, DFB laser 250 operates in the 1555-1560 nanometer range and produces 

15 40 milliwatts minimum of optical output power. 

Signals jfrom DFB laser 250 are routed via optical fiber around fiber track 260 
where it is subsequently received by external modulator 262. Fig. 3 shows one 
embodiment of fiber track 260 for retaining fiber cable and routing it to optical 
components on PCB 100. For example, the embodiment of fiber track 260 shown in 

20 Fig. 3 is positioned on PCB 100 to route fiber cable to and fi-om optical components 
such as modulator/driver 130 and external modulator 262. Fiber track 260 may be 
substantially open to facilitate installing and removing fiber cable, and may include a 
plurahty of overhanging tabs, such as tabs 302, to help retain fiber cable in fiber track 
260. Fiber track 260 may also be used for routing various types of communication 

25 cables in addition to fiber optic cable. 

Fiber track 260 may be one unitary structure, or it may include two or more 
sections as shown in Fig. 3. One or more of several known means may be used to 
retain fiber track 260 in PCB 100 including pegs (not shown) that snap into openings 
(not shown) in PCB 100. 
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Referring back to Fig. 2, avalanche photo diode receiver 224 receives optical 
signals. A DC bias monitor photo detector 252 is used in conjunction with external 
modulator 262 to obtain the appropriate DC biasing. Li one embodiment, the 
avalanche photodiode receiver 224 is a Fujitsu FRM-5N142DSS/051 receiver. 

5 The electrical components used to form electrical signals include a 1 : 16 

demultiplexer 210 and a 16:64 demultiplexer 220 which can present the 
demultiplexed OC-192 signal to the ASIC (234). Amplifier 222 receives signals from 
avalanche photo diode receiver 224 and enables reception of high speed and heavily 
attenuated optical signals received on input optical fiber. The input optical fiber is 
10 connected to RX port 1 50. TX port 148 is coimected to output optical fiber. 

A microprocessor 232 is used to control the various components on PCB 100 
including apphcation specific integrated circuit (ASIC) 234 for 155 MHz cross- 
connection interfaces. A 64:16 multiplexer 236 is used in conjunction with a 16:1 
multiplexer 238 to form signals for transmission. 

15 The electrical and optical components on PCB 100 dissipate a substantial 

amount of heat, and it is important for heatsink 1 10 to maintain contact with key 
components. In the prior art, individual heatsink elements are affixed to the top of a 
corresponding component. In the present invention, heatsink 1 10 is dimensioned to 
contact all or a substantial number of key components on PCB 100, thereby reducing 

20 or even eliminating the need for numerous individual heatsink elements. Further, in 
some configurations, there is not enough room for adequately sized, individual 
heatsinks. 

PCB 100 is typically installed in a slot in a rack that contains other equipment 
to form an add/drop multiplexer. The width of the slot is fixed, and in many cases, 
25 approximately the same amount of space is available on either side of the slot. It is 
desirable to provide a construction of PCB 100 and heatsink 110 that does not require 
neighboring slots in the rack to be left unoccupied to accommodate PCB 100. 
Further, PCB 100 and heatsink 110 must accommodate various sizes of components 
on PCB 100 while staying within the dimensions allowed. 

5 
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One way to accommodate various dimensions of electrical and optical 
components within the space available in the rack is to include openings in PCB 100 
into which the components may be embedded. The openings allow a component to 
occupy space on both sides of PCB 100. Advantageously, these openings allow 
5 components to be positioned at approximately the same height on the upper surface of 
PCB 100, so that the bottom side of heatsink 1 10 can be substantially flat. Fig. 3 
shows an example of PCB 100 having a first opening 304 for embedding DFB laser 
250 (Fig. 2), and a second opening 306 for embedding avalanche photodiode receiver 
224. 

1 0 Another way to accommodate various dimensions of electrical and optical 

components within the space available in the rack is to include openings in heatsink 
110. Fig. 4 shows an example of heatsink 110 with openings 402 through 410, which 
allow room for connector 1 52 (Fig. 1), voltage controlled crystal oscillator (VCXOS), 
receive and transmit ports 148, 150, and modulator driver 130, respectively. 

15 An additional advantage of providing openings 304, 306 (Fig.3) in PCB 100, 

and openings 402 through 410 (Fig. 4) in heatsink 110 is that the height of cooling 
fins 114 (Fig. 1) can remain substantially constant, as best illustrated in Fig. 2. This 
is because heatsink 110 can be moimted directly over a substantially constant level of 
other components on PCB 100. It is important to note that openings 402 through 410 

20 may be dimensioned so that one or more of the sides of the openings contact the 
components that require cooling. Further, openings 402 through 410 may be 
dimensioned to accommodate components fi-om the same or different vendors that 
may have different dimensions. 

Another consideration in the construction of heatsink 1 10 is that the 
25 dimensions of components that lie under the heatsink 110 may vary between 

individual components. For example, the height of 1 : 1 6 demultiplexer 2 1 0 may vary 
from one demultiplexer to the next, even when supplied by the same component 
manufacturer. It is important for heatsink 1 10 to contact at least a portion of a 
component that requires cooling. When all of the components upon which heatsink 
30 110 rests are the same height, heatsink 110 draws heat from the top of the 

components. This may not be achieved if the height of the component is lower than 
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Other components upon which heatsink 110 rests. A different problem can occur if 
the height of one or more components is higher than usual, because heatsink 110 will 
be raised above the top surface of the other components. 

In one embodiment of the present invention, the problems associated with 
5 varying heights of components is alleviated by adding or removing heat-conductive 
material between the component and the bottom of heatsink 110. Fig. 4 shows 
outlines of pads 412, 414, 416, 418, and 420 where comphant heat conductive 
material has been added to contact the upper surface of components that are lower in 
height than other components. Fig. 4 also shows outlines of indentations 422, 424, 
10 where heat conductive material has been removed so that heatsink 110 contacts the 
upper surface of components that are greater in height than other components. Note 
that the amount of material added or removed may vary from component to 
component, depending on the variation in height. 

In one embodiment, heatsink 1 10 is fastened to PCB 100 using bolts, however, 
1 5 any type of suitable fastening device or technique may be utilized. Fastening heatsink 
1 10 to PCB 100 reinforces and improves the durabihty of PCB 100, especially in 
assembhes where there are a number of openings in PCB 100. 

Another feature of the present invention is that transmit and receive 
components are positioned in separate sections to improve isolation, thereby reducing 
20 noise. For example, in the embodiment shoAvn in Fig. 2, receive components 
including 1:16 demultiplexer 210, 16:64 demultiplexer 220, amplifier 222, are 
positioned on one side of PCB 100, while transmit components including 64:16 
multiplexer, 16:1 multiplexer, and modulator driver preamp 240 are positioned on the 
other side of PCB 100. 

25 Another feature of the assembly shown in Fig. 2 is that components that are 

highly sensitive to temperature variations are positioned on PCB 100 so that they 
receive the largest volume and lowest temperature of cooHng air. These components 
include, for example, modulator driver 130, and DFB laser 250 
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Another feature of the present invention is that the layout of PCB 100 provides 
space and is adaptable for using components from a number of suppliers. For 
example, adequate clearance space is provided on PCB 100 to accommodate the 
largest modulator driver available, and modulator drivers from other manufacturers 
5 will thus also fit in the space. It is important to note that if the opening in heatsink 
110 is too large for the corresponding component, heat conductive may be added 
around at least a portion of the perimeter of the opening so that heatsink 110 comes 
into contact with the component. 

Another feature of the present invention is that relatively low-cost printed 
10 circuit board material, commonly designated in the art as FR-4, may be used for PCB 
100 for signals up to 10 gigahertz. PCB 100 also uses minimum high frequency trace 
lengths and large frace widths for minimum conductive loss in a coplanar structure. 
Additionally, the fraces transition to semi-rigid coaxial cable 1 14 to interface with 
electrical components. 

1 5 PCB 1 00 advantageously provides a relatively low cost, single card assembly 

for high-speed optical signal processing. PCB 100 requires less volimie than known 
high-speed optical signal processors and is also hot-swappable for upgrading existing 
15454 ONS OC-48 signal processing implementations. Further, the layout can easily 
adapt to take advantage of ftiture component integration, cost reduction, and 

20 performance improvements with minimal change required in the layout of PCB 100. 

The card assembly has error- free performance without an erbium doped fiber 
amphfier (EDFA) over an 80 kilometer fiber link of single node fiber. The card 
assembly also has error-free performance (without an EDFA) over low dispersion 
single node fiber and negative dispersion single node fiber. The error-free 
25 performance is due to the 40-milliwatt minimum power DFB laser 250 and external 
modulator 262, which incorporates gratings for dispersion compensation. 

While the invention has been described with respect to the embodiments and 
variations set forth above, these embodiments and variations are illustrative and the 
invention is not to be considered limited in scope to these embodiments and 
30 variations. Accordingly, various other embodiments and modifications and 
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improvements not described herein may be within the spirit and scope of the present 
invention, as defined by the following claims. 


644920 vl 


9 


Attorney Docket No.: 
M-8415 US 


WHAT IS CLAIMED IS: 

1 1 . A printed circuit board assembly for high-speed optical format data 

2 transmission comprising: 

3 a printed circuit board containing mounting locations for electrical 

4 components, optical components, and a heatsink device; 

5 a plurality of optical components mounted to the printed circuit board; 

6 a pluraUty of electrical components mounted to the printed circuit board; and 

7 a heatsink attached to the printed circuit board wherein the heatsink interfaces 

8 with a plurality of the electrical and optical components. 

1 2. The printed circuit board assembly of claim 1, further comprising a tray 

2 mounted on the printed circuit board for routing optical fiber. 

1 3. The printed circuit board assembly of claim 1, wherein the printed circuit 

2 board includes one or more openings in which one or more of the electrical or optical 

3 components are embedded. 

1 4. The printed circuit board assembly of claim 1, wherein the heatsink 

2 includes one or more openings in which one or more of the electrical or optical 

3 components are embedded. 

1 5. The printed circuit board assembly of claim 4, wherein at least a portion of 

2 the perimeter of the openings interfaces with the one or more corresponding electrical 

3 or optical components. 

1 6. The printed circuit board assembly of claim 1, further comprising: 

2 additional compliant heat conductive material between the top of one or more 

3 electrical or optical components and the heatsink. 

1 7. The printed circuit board assembly of claim 1 , wherein material is removed 

2 from the bottom of one or more portions of the heatsink to accommodate one or more 

3 of the electrical or optical components. 

1 8. The printed circuit board assembly of claim 1, wherein the electrical and 

2 optical components for receiving data are positioned on one section of the printed 

10 
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3 circuit board, and the electrical and optical components for transmitting data are 

4 positioned on another section of the printed circuit board. 

1 9. The printed circuit board assembly of claim 1 , wherein the electrical and 

2 optical components that are sensitive to temperature variation are positioned near the 

3 portion of the printed circuit board that receives the greatest amount of cooling. 

1 10. A method for dissipating heat from electrical components and optical 

2 components on a printed circuit board, the method comprising: 

3 determining an average height of the electrical components and the optical 

4 components with respect to the printed circuit board; 

5 forming openings in the printed circuit board corresponding to at least some of 

6 the electrical components and optical components that are significantly 

7 higher than the average height; 

8 embedding the at least some of the significantly higher electrical components 

9 and optical components in the openings in the printed circuit board; 

10 and 

1 1 attaching a heatsink member to the printed circuit board so that the heatsink 

12 member is in contact with at least a portion of each electrical and 

13 optical component that requires cooling. 

1 11. The method of claim 1 0, farther comprising mounting a tray on the 

2 printed circuit board; and routing optical fiber in the tray. 

1 12. The method of claim 10, further comprising: 

2 adding heat conductive material between the top of one or more electrical or 

3 optical components and the heatsink. 

1 13. The method of claim 10, ftirther comprising: 

2 removing material from the bottom of one or more portions of the heatsink to 

3 accommodate one or more of the electrical or optical components. 

1 14. The method of claim 10, further comprising: positioning the electrical and 

2 optical components for receiving data on one section of the printed circuit board; and 

3 positioning the electrical and optical components for transmitting data on another 

4 section of the printed circuit board. 

11 
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1 15. The method of claim 10, further comprising: positioning the electrical and 

2 optical components that are sensitive to temperature variation near the portion of the 

3 printed circuit board that receives the greatest amount of coohng. 

1 16. A method for dissipating heat from electrical components and optical 

2 components on a printed circuit board, the method comprising: 

3 determining an average height of the electrical components and the optical 

4 components with respect to the printed circuit board; 

5 forming openings in a heatsink corresponding to at least some of the electrical 

6 components and optical components that are significantly higher than 

7 the average height; 

8 positioning the heatsink over the significantly higher electrical components 

9 and optical components in the openings in the printed circuit board; 

10 and 

1 1 attaching a heatsink member to the printed circuit board so that the heatsink 

12 member is in contact with at least a portion of each electrical and 

13 optical component that requires cooling. 

1 17. The method of claim 1 6, further comprising mounting a tray on the 

2 printed circuit board; and routing optical fiber in the tray. 

1 18. The method of claim 16, further comprising: 

2 adding compliant heat conductive material between the top of one or more 

3 electrical or optical components and the heatsink. 

1 19. The method of claim 16, further comprising: 

2 removing material from the bottom of one or more portions of the heatsink to 

3 accommodate one or more of the electrical or optical components. 

1 20. The method of claim 16, further comprising: positioning the electrical and 

2 optical components for receiving data on one section of the printed circuit board; and 

3 positioning the electrical and optical components for transmitting data on another 

4 section of the printed circuit board. 
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1 21 . The method of claim 16, further comprising: positioning the electrical and 

2 optical components that are sensitive to temperature variation near the portion of the 

3 printed circuit board that receives the greatest amount of cooUng. 

1 22. A device for high-speed optical format data transmission comprising: 

2 circuit board means for mounting electrical components, optical components, 

3 and a heatsink device; 

4 a plurality of optical components mounted to the circuit board means; 

5 a plurality of electrical components mounted to the circuit board means; and 

6 heatsink means attached to the printed circxiit board for dissipating heat from a 

7 plurality of the electrical and optical components. 

1 23. The device of claim 22, further comprising means for routing optical 

2 fiber. 

1 24. The device of claim 22, wherein the circuit board means includes one or 

2 more openings in which one or more of the electrical or optical components are 

3 embedded. 

1 25. The device of claim 22, wherein the heatsink means includes one or more 

2 openings in which one or more of the electrical or optical components are positioned. 

1 26. The device of claim 25, wherein at least a portion of the perimeter of the 

2 openings interfaces with the one or more corresponding electrical or optical 

3 components. 

1 27. The device ofclaim 22, further comprising: 

2 additional compliant heat conductive material between the top of one or more 

3 electrical or optical components and the heatsink means. 

1 28. The device of claim 22, wherein material is removed from the bottom of 

2 one or more portions of the heatsink means to accommodate one or more of the 

3 electrical or optical components. 

1 29. The device of claim 22, wherein the electrical and optical components for 

2 receiving data are positioned on one section of the circuit board means, and the 

13 
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3 electrical and optical components for transmitting data are positioned on another 

4 section of the circuit board means. 

1 30. The device of claim 22, wherein the electrical and optical components that 

2 are sensitive to temperature variation are positioned near the portion of the circuit 

3 board means that receives the greatest amount of cooling. 
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LONG REACH UNAMPLIFIED OPTICAL SONET/SDH CARD 

Grant E. Moulton 
Jeff P. Hamilton-Gahart 

5 

Abstract of the Disclosure 

An assembly, method, and device for high-speed optical format data transmission 
includes a printed circuit board containing mounting locations for electrical components, 
optical components, and a heatsink device. A tray may also be mounted on the printed circuit 

10 board to route optical fiber to various components. The heatsink is positioned at a 
predetermined height above the printed circuit board so that it physically contacts the 
electrical and optical components that require coohng. The printed circuit board may include 
one or more openings in which one or more of the electrical or optical components that are 
significantly taller than the other components are embedded. The heatsink may also include 

15 one or more openings in which one or more of the taller electrical or optical components are 
positioned. Additional compliant heat conductive material may be placed between the top of 
one or more electrical or optical components and the heatsink when the components are not 
as high at the position of the heatsink. Material may also be removed from the bottom of one 
or more portions of the heatsink to accommodate one or more of the electrical or optical 

20 components that are slightly higher than the position of the heatsink. The layout of the 

printed circuit board assembly includes positioning the electrical and optical components for 
receiving data on one section of the printed circuit board, while the electrical and optical 
components for transmitting data are positioned on another section of the printed circuit 
board. The electrical and optical components that are sensitive to temperature variation are 

25 positioned near the portion of the printed circuit board that receives the greatest amount of 
cooling. 
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Lawrence (31,975); Marc R. Ascolese (42,268); Carmen C. Cook (42,433); David G. Dolezal 
(41,711); Roberta P. Saxon (43,087); Mary Jo Bertani (42,321); Dale R. Cook (42,434); Sam G. 
Campbell (42,381); Matthew J. Brigham (44,047); Hugh H. Matsubayashi (43,779); Patrick D. 
Benedicto (40,909); T.J. Singh (39,535); Shireen Irani Bacon (40,494); Rory G. Bens (44,028); 
George Wolken, Jr. (30,441); John A. Odozynski (28,769); Cameron K. Kerrigan (44,826); Paul E. 
Lewkowicz (44,870); Theodore P. Lopez (44,881); Mayankkumar M. Dixit (44,064); Eric Stephenson 
(38,321); Christopher AUenby (45,906); David C. Hsia (46,235); Mark J. Rozman (42,1 17); Margaret 
M. Kelton (44,182); Do Te Kim (46,231); Alex Chen (45,591); Monique M. Heyninck (44,763); 
Gregory J. Michelson (44,940); Jonathan Geld (44,702); Emmanuel Rivera (45,760); Jason FarHadian 
(42,523); and Matthew J. Spark (43,453). 

Please address all correspondence and telephone calls to: 

Mary Jo Bertani 
Attorney for Applicant(s) 
SKJERVEN, MORRILL, MacPHERSON, FRANKLIN & FRIEL LLP 

25 Metro Drive, Suite 700 
San Jose, California 95 1 10-1349 

Telephone: 408-453-9200 
Facsimile: 408-453-7979 

I declare that all statements made herein of my own knowledge are true, all statements made herein on 
information and belief are believed to be true, and all statements made herein are made with the 
knowledge that whoever, in any matter within the jurisdiction of the Patent and Trademark Office, 
knowingly and willfully falsifies, conceals, or covers up by any trick, scheme, or device a material 
fact, or makes any false, fictitious or fraudulent statements or representations, or makes or uses any 
false writing or document knowing the same to contain any false, fictitious or fraudulent statement or 
entry, shall be subject to the penalties including fine or imprisonment or both as set forth under 18 
U.S.C. 1001, and that violations of this paragraph may jeopardize the validity of the application or 
this document, or the validity or enforceability of any patent, trademark registration, or certificate 
resulting therefrom. 
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Full name of sole (or first joint) inventor: Moulton, Grant E. 


Inventor's Signature: "^^^ ^^^■^2— Date: ^/ ^UL*^ 'ZOCO 


'.tip. 


Residence: Santa Rosa, California 

Post Office Address: 2348 Marsh Court Citizenship: United States 

Santa Rosa, California 95403 

Full name of second inventor: Hamilton-Gahart, Jeff P. 


Inventor's Signature: fj^^^ 1 jMjlxrsrV^ 

Residence: Skntal\El)s4 California 

Post Office Address: 2728 Rollo Road Citizenship: United States 
Santa Rosa, California 
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